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Gentlemen: 

This t he  5 t h  qua r t e r ly  s t a t u s  report  on Contract No. NASr-34(03), cover- 
ing t h e  period February 1, 1964 t o  Apr i l  30, 1964. 

The p ro jec t  e f f o r t  during t h e  quar te r  w a s  d i s t r i b u t e d  among t h e  follow- 
ing  t a s k s .  

Laboratory Test ing of Radiation Measuring Instruments 

A i rc ra f t  F l igh t  Tests of t h e  NIMBUS brWR and MRIR Radiometers 

Analysis of Data Obtained on Previous Balloon Flights.-Data Proc- 
ess ing  Equipment 

Design and Construction o f  Equipment f o r  Next Balloon F l igh t  

Analy t ica l  Study of Atmospheric Radiation Processes 

Study of S t e l l a r  Refract ion as  a Meteorological S a t e l l i t e  Technique 

Report Writing 

Development of Inf  ra-Red Interferometer  f o r  Spacecraf t '  Use 

interferometer  development ( i t e m  8 above) has  received g rea t  emphasis; 
by t h e  end of Apr i l  t h e  major por t ion  of t h e  e f f o r t  of t h e  labora tory  was de- 
voted t o  t h i s  t a s k .  
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1. LABORATORY TESTING OF RADIATION MEASURING INSTRUMENTS 

The hemispherical  c a v i t y  source f o r  "v is ib le"  channel c a l i b r a t i o n s  h a s  
been completed. Although an exhaustive set  of tests t o  determine t h e  char-  
a c t e r i s t i c s  of t h e  source 'has not been made, i t s  e s s e n t i a l  c h a r a c t e r i s t i c s  
have been determined. 

The source has  been used t o  c a l i b r a t e  t h e  v i s i b l e  channels of t h e  "IROS 
and NIMBUS 3-channel radiometers and t o  c a l i b r a t e  t h e  Perkin-Elmer SG-4 spec- 
trophotometer i n  t h e  0.4 t o  1.0 micron range. 

The thermal  channels of t h e  NIMBUS MRIR radiometer were a l s o  re -ca l -  
i b r a t e d  after t h e  a i r c r a f t  f l i g h t  t e s t s .  The c h a r a c t e r i s t i c s  of t h e  i n s t r u -  
ment seem t o  have changed s ince  t h e  las t  se t  of c a l i b r a t i o n s .  This change i s  
confirmed by another  set  of c a l i b r a t i o n s  made a t  NASA Goddard Space F l i g h t  
Center .  

2. AIRCRA-IT FLIGHT TESTS OF NIMBUS MRIR AND HRIR RADIOMETERS 

The program of a i r c r a f t  f l i g h t  tes ts  of t h e  NIMBUS MRIR and HRIR r a d i -  
ometers w a s  completed during t h e  month of  February with a series of 8 addi-  
t i o n a l  f l i g h t s .  Three of t h e  f l i g h t s  were based a t  P a t r i c k  AFB with meas- 
urements over  Eleuthera  I s l a n d ,  t h e  o t h e r  5 were made from Edwards AFB with 
measurements over  a dry  lake bed which i s  near  t h e  base.  

The fol lowing t a b l e  i s  a l ist  of t h e  f l i g h t s  of  t h i s  program. 
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8001 
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12 - 10 - 63 
12-12-63 
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No. Date - 
8014 
8015 
8016 
8017 
80 18 
8019 
8020 

2-17-64 
2- 17 - 64 
2-20-64 
2-20-64 
2-21-64 
2-21-64 
2-21-64 

-3 - 

Time 

1413 E 
1844 E 
1727 M 
2333 M 
1442 M 
1830 M 
2255 M 

. Location 

Pa t r i ck  (Eleuthera)  

Edwards AFB 
11 11 

11 11 

f l  f I  

11 11 

11 11 

3 -  ANALYSIS OF DATA OBTAINED ON PREVIOUS BALLOON FLIGHTS.- 
DATA PROCESSING EQUIPMENT 

The ana lys i s  of t h e  26 June, 1963 balloon f l i g h t  da t a  has continued. 

The TIROS radiometer channel I V  da ta  has  been processed f o r  t h e  e n t i r e  
f l i g h t ,  using the  before f l i g h t  ca l ib ra t ions .  The r e s u l t i n g  data, however 
does not seem t o  be co r rec t .  The equivalent black body temperature readings 
are always low by as much as -15 t o  -20°C according t o  i n - f l i g h t  black body 
c a l i b r a t i o n s .  The rad iometer  readings are a l s o  low by: about t he  same amount 
when compared t o  NIMBUS MRIR readings a t  t h e  same zeni th  angle .  

The NIMBUS MRIR Channel I V  da ta  has  been processed f o r  a major po r t ion  
The housing and black body c a l i b r a t i o n  readings a r e  of t h e  balloon f l i g h t .  

i n  agreement. The da ta  obtained with t h i s  channel of t h e  MRIR look exce l l en t .  

The da ta  processing equipment ava i l ab le  f o r  use i n  t h e  labora tory  has 
been modified f o r  ana lys i s  of t h e  NIMBUS MRIR data. Equipment now being used 
p lays  back f l i g h t  magnetic tapes  a t  1/4 speed so  t h a t  our A/D equipment can 
obta in  50 samples p e r  second. 

Other equipment ava i l ab le  f o r  use by personnel of our  lab .  i s  ava i l ab le  
i n  t h e  Meteorology Department of The Universi ty .  This equipment i s  some- 
what more sophis t ica ted ,  but requi res  t h a t  w e  move our ground s t a t i o n  over 
t o  t h e  East Engineering Building. 
time ava i l ab le  t o  us i s  l i m i t e d .  

Considerable set-up time i s  required and 

The new da ta  processing system being supplied t o  t h e  Space Physics De- 
partment f o r  j o i n t  use w i t h  our laboratory has  been considered c a r e f u l l y  by 
personnel of both l abora to r i e s .  A complete s e t  of spec i f i ca t ions  necessary 
f o r  procurement has been agreed upon. 
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4. DESIGN AND CONSTRUCTION OF EQUIPMENT FOR THE NEXT BAILDON FLIGHT 

Work on t h e  equipment f o r  t h e  next bal loon f l i g h t  was w e l l  under way a t  
t h e  end of Apr i l .  A new bal loon gondola has  been designed and i t s  construc-  
t i o n  has  almost been completed. 

Telemetry requirements f o r  t h i s  bal loon f l i g h t  have been e s t ab l i shed  
j o i n t l y  by U.M., U.S. Weather Bureau and JPL personnel.  
and ground s t a t i o n  te lemet ry  equipment i s  needed. This equipment has  been 
spec i f i ed  and ordered. The vol tage cont ro l led  o s c i l l a t o r s  needed are no 
longer  i n  production by t h e  company t h a t  o r i g i n a l l y  made them, however an 
agreement has been made with them t o  supply u s  wi th  s u f f i c i e n t  material so 
t h a t  w e  can bui ld  them ourselves .  

Addi t iona l  a i rborne  

The e l e c t r i c a l  t iming con t ro l  and power supply system f o r  t h e  bal loon 
gondola have been designed and material has  been ordered. A new pho toce l l  
device for measuring t h e  azimuth o r i e n t a t i o n  of t h e  bal loon gondola with re- 
spec t  t o  t h e  sun has  been designed and p a r t i a l l y  constructed.  A series of 
tes ts  t o  determine t h e  e f f e c t  of  low p res su res  (5mb) on t h e  opera t ion  of 
Yardney s i l v e r  c e l l s  has  been begun. 

Addi t iona l  magnetic t a p e  recording equipment i s  needed f o r  t h i s  ba l loon  
f l i g h t .  
recorder  t o  m e e t  t h i s  requirement. 

J P L  personnel  have agreed t o  supply an Ampex CP-100 por t ab le  tape 

Other grmnd s t a t i o n  equipment was received,  t h i s  included s e v e r a l  new 
phase-lock d iscr imina tors  and a new pcW Onan genera tor .  This equipment has  
been i n s t a l l e d  i n  t h e  bus.  The bus power and te lemet ry  wir ing has  been com- 
p l e t e l y  modified.  Old wir ing has  been removed and a new c o n t r o l  pane l ,  
t e lemet ry  patch panel  and galvanometer a t t e n u a t o r  board has  been b u i l t  and 
i n s t a l l e d .  

5. ANALYTICAL STUDY OF ATMOSPHElUC RADIATION PROCESSES 

Work has  continued on programming t h e  c a l c u l a t i o n  of atmospheric t r a n s -  
mission i n  t h e  15 micron C 0 2  band, i n t e g r a t i n g  d i r e c t l y  ac ross  t h e  band, i n -  
s tead  of assuming an absorp t ion  band model. 
a v e r t i c a l  pa th .  
for a 60 cm-1 wide po r t ion  of t h e  cen te r  of t h e  band, including t h e  main Q 
branch, and i s  given f o r  about 30 d i f f e r e n t  pressure  levels.  

Resul t s  have been obtained f o r  
The t r ansmiss iv i ty  has been averaged over  0.1 cm-I i n t e r v a l s  

These d a t a  have been used t o  compute t h e  v e r t i c a l  component of outgoing 
r a d i a t i o n  from t h e  e a r t h  and i t s  atmosphere and appl ied  t o  t h e  "Kaplan" 

, 
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experiment which i s  designed t o  deduce a n  Btmospheric temperature s t r u c t u r e  
from radiometr ic  measurements. 

The computer program w i l l  be  extended t o  include atmospheric s l a n t  pa ths  
and t o  complete ca l cu la t ions  f o r  the  e n t i r e  band. 

6. STUDY OF STELLAR REFRACTION AS A METEOROLOGICAL SATELLCTE TECHNIQUE 

During t h i s  per iod work continued on the  e r r o r  analysis. The computeriza- 
t i o n  of  t h e  re-overy of dens i ty  as a func t ion  of height  when given r e f r a c t i o n  
angle  as a funi ' t ion of he ight  was completed. Variat ion of parameters was be- 
gun t o  determine RMS s t a r - t r a c k e r  accuracy and readout frequency requirements. 

A s tudy of t he  t ransmission 3f s t a r l i g h t  through t h e  atmosphere w a s  be- 
gun i n  order  t o  ieyermine the  shape and s p e c t r a l  i n t e n s i t i e s  of t he  s ta r  image 
inc iden t  3n t h e  s t a r - t r a c k e r  photosurface.  

7. REPORT WRITING 

A t e c h n i c a l  r e p o r t ,  "Reflectance of Kodak White Paper" by F. L. Bartman, 
L. W. Chaney, and  M. T .  Surh, Univ. of Mich. ORA Report No.  03863-5-T was 
completed and d i s t r i b u t e d .  

8. DEVELOPMENT OF A N  INFRARED INTERFEROMETER FOR SPACECRAFT USE 

The i n i t i a l  design of a n  infra-red in te r fe rometer  f o r  spacecraf t  use 
w a s  completed. 
f 2 r t  with pers3nnel of t h e  Aeronomy and Meteorology Divis ion,  Goddard Space 
F l i g h t  Center,  NASA. The interferometer  o p t i c s  w i l l  be worked on by U. of M. 
pers3nnel  and po r t ions  of t h e  necessary e l e c t r o n i c s  w i l l  be developed a t  NASA. 

1 Th- Tierformanee s p e c i f i c a t i o n  aimed a t  i s  a s p e c t r a l  range of 500 t o  1700 cm- 
with 2 cm-l r e so lu t ion  i n  t he  range of 500 t o  1000 crn-l, d e t e r i o r a t i n g  t o  
8 z m - 1  a t  1700 em-1. 

The develapment of t h i s  instrument w i l l  be a cooperat ive ef-  

Dpt ica l  layouts  have been made and  reques ts  t o  bid f o r  o p t i c a l  components 
have been sen t  t o  9 companies. 
being procured, i n  order  t o  determine by labora tory  t e s t  which i s  bes t  f o r  

Both KBR and I r t r a n  4 o p t i c a l  components are 
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t h i s  a p p l i c a t i m .  
o p t i c s  f o r  v i s u a l  t e s t  of t he  movable mir ror  d r i v e  system. 
t i o n s  are being considered f o r  t h e  e x i t  o p t i c s  and d e t e c t o r .  

I n i t i a l l y  t h e  interfcrameter w i l l  be assembled with g l a s s  
Severa l  configura-  

The i n i t i a l  mechanical d r i v e  was constructed.  The mi r ro r  w i l l  be sup- 
por ted  by p a r a l l e l  leaf spr ings ,  with d r i v e  by a c o i l  i n  a magnetic f i e l d .  
The magnetic f i e l d  w i l l  be completely self-enclosed with t h e  c o i l  suspended 
i n  t h e  cen te r  of t h e  u n i t .  The current  through t h e  c o i l  w i l l  be cont ro l led  
by feedback c i r c u i t s  which w i l l  use a s i n e  wave produced by a sepa ra t e  i n -  
t e r f e romete r  us ing  t h e  0.5872pl ine of neon as a source.  
w i l l  be used t o  c o n t r o l  t h e  motion of t h e  mi r ro r  and t o  c o n t r o l  sampling of 
t h e  interferogram. 

The re ference  s i g n a l  

A l l  o f  t h e  components necessary t o  assemble a s c i e n t i f i c  breadboard had 
been ordered by t h e  end of Apr i l .  

9 .  SUMMARY OF FUTURE WORK 

The following tasks w i l l  receive major a t t e n t i o n  during t h e  next work 
pe r iod .  

( a )  Development of t h e  infra-red in te r fe rometer  f o r  spacecraf t  use.  

( b )  Analyses of t h e  da t a  from the  last bal loon f l i g h t  and from t h e  
a i r c r a f t  f l i g h t  tes ts .  

( c )  Design, cons t ruc t ion  and t e s t i n g  of equipment f o r  t h e  next bal loon 
f l i g h t .  

( d )  Ana ly t i ca l  s tudy  of  atmospheric r a d i a t i o n  processes .  

( e )  Report wr i t i ng .  


